The genetic information for this work came from a very large collection of gene frequencies for "classical" (non-DNA) polymorphisms of the world aborigines. The data were grouped in 42 populations studied for 120 alleles. The reconstruction of human evolutionary history thus generated was checked with statistical techniques such as "bootstrapping." It changes some earlier conclusions and is in agreement with more recent ones, including published and unpublished DNA-marker results. The first split in the phylogenetic tree separates Africans from non-Africans, and the second separates two major clusters, one corresponding to Caucasoids, East Asians,'Arctic populations, and American natives, and the other to Southeast Asians (mainland and insular), Pacific islanders, and New Guineans and Australians. Average genetic distances between the most important clusters are proportional to archaeological separation times. Linguistic families correspond to groups of populations with very few, easily understood overlaps, and their origin can be given a time frame. Linguistic superfamilies show remarkable correspondence with the two major clusters, indicating considerable parallelism between genetic and linguistic evolution. The latest step in language development may have been an important factor determining' the rapid expansion that followed the appearance of modern humans and the demise of Neanderthals.
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The reconstruction of human phylogeny from contemporary genetic information was first attempted (1) (2) (3) (4) by the use of gene frequencies of 20 alleles from five major blood-group systems known from 15 populations. The genetic information from all genes was cumulated by calculating a "genetic distance" between pairs of populations. Two independent methods developed for the purpose were used to reconstruct the phylogeny, with very similar results. One of them was based on independence of evolution in the branches resulting after every fission, and the other on maximum parsimony; neither, however, can define an origin (a "root") for the tree. When only information internal to the data set is used, it is necessary to assume constant evolutionary rates for setting a root. When this hypothesis was superimposed on constructed trees, the root separated African plus European populations on one side and the rest of the world on the other. The later addition of more genes (5) , including HLA (6), caused little change in the shape of the phylogenetic tree.
Many protein and enzyme polymorphisms were detected in the 1960s and 1970s by electrophoretic methods but were initially tested on few samples. By using only three populations (Africans, Europeans, and East Asians), Nei (7) was able to consider many more genes. He concluded that blood groups and enzyme polymorphisms gave different results with respect to the location of the root, with blood groups still showing greater similarity between Africans and Europeans than between Europeans and East Asians, thus confirming earlier results on the position of the root. With enzymes and proteins, however, Europeans were closer to East Asians than to Africans. These markers carried more statistical weight than blood groups, so that the complete data located the root between Africa and Europe plus Asia. The conclusion remained unchanged on extension to other populations (8) , but the analysis did not include the rich set of HLA data.
Since that time, there have appeared results generated by DNA restriction analysis of mitochondrial DNA (9, 10), ,8-globin (11) , the Y chromosome (12) , and 44 nuclear gene markers (13, 14) . With some contradiction, they tend to confirm the African/non-African split, but they are affected by biological or statistical weaknesses that will be discussed in a separate paper in which we will also present new DNA-marker data. The classical marker data used here confirm this conclusion but are much more abundant, thus allowing us to study human evolution in greater detail and to test agreement with other sources of evolutionary information, both archaeological'and linguistic.
Evolutionary Analysis of Classical Genetic Markers
Materials and Methods. The literature data were collected in the course of preparation of an atlas of human variation. Selection of the present material was guided by the desire to study a representative sample of the world aboriginal populations, balancing the need to have as many genes as possible with the need to minimize the number of gaps in the gene x population matrix. Two genetic distances corresponding to different evolutionary models were used for comparing populations in pairs: (i) the most investigated one, a family (I5) that also includes distances used in earlier papers (refs. 1' 4; see also ref. 16); and (ii) Nei's standard genetic distance (16), always with correction for sample size. The two distances were highly correlated (r = 0.86) and the relation between them was ofalmost perfect proportionality except at short distances. We found it safe to use gene x population matrices that had gaps, provided these were not too frequent, by calculating distances between pairs ofpopulations only for genes known in both of the populations being compared. Tests of this statement included comparison of results of principal components and tree analysis based on both an incomplete matrix and a complete subset of the same matrix, as well as extensive experiments of simulation of the effect of random gaps on principal component maps, which are highly related to the highest splits in the tree (17) . Gaps in the'matrix used for the tree of Fig. 1 (19) suggested using the bootstrap to test the reproducibility of the sequence of splits in the tree.
Tree of 42 World Populations. The tree shown in Fig. 1 The first split in the tree separates Africans from nonAfricans and is reproducible, given that in 84 out of 100 bootstrap trees the first split separated from all other populations a cluster containing at least the four "core" African populations (Pygmies, West Africans, Bantu, and Nilosaharan). In most of the 84 trees the African cluster also contains the other two sub-Saharan African populations (San and Ethiopians). When these two are not with the core Africans they tend to join the Caucasoid group.
The next bifurcation separates two major "superclusters," the first of which, Northeurasian, splits into (i) Caucasoids and then (ii) Northeast Asians plus Amerindians. The Northeast Asian cluster separates further into a small cluster of Arctic populations, including Eskimos, and a cluster including both East Asians and North Asians. Caucasoids form a fairly tight group consisting of 12 populations, 5 of which were pooled as "Europeans" in Fig. 1 . Lapps leave the cluster in 32% of the bootstraps, joining Asian Arctic popu-POPULATIONS LINGUISTIC PHYLA ***********~~~************ =========== MBUTI PYGMY The Southeast Asian supercluster splits into (i) Southeast Asians proper (mainland and insular), a fairly tight cluster of the six populations seen in the tree of Fig. 1 ; on bootstrapping, Filipinos are lost 29o of the time, Malaysians 23%, and Indonesians 7%; (ii) the Pacific islanders, a cluster of three populations, not tight but clearly recognizable; and (iii) New Guineans and Australians, which remain together more than 50% of the time.
The earlier splits are all statistically significant by tests that will be described elsewhere. Of special interest is the second bifurcation shown in Fig. 1 , separating Northeurasians from Southeast Asians. This split occurs most often among the bootstraps, but two alternative partitions are also fairly frequent: one separates Caucasoids from all Asian, Oceanian, and Amerindian populations, and the second separates New Guinean and Australian populations from all other non-African populations. We shall see later that the second bifurcation given in the tree receives support from an independent source as well.
Constant Evolutionary Rates. The evolutionary model (3, 4) on which phylogenetic tree analysis is based postulates that populations undergo fissions repeatedly over the course of time, dividing into two subpopulations that continue evolving independently after splitting and that may later split again. For the root to be established by tree analysis without the help of external evidence, the evolutionary rate in the various branches must be constant. The method of "average linkage" (20) , used to construct Fig. 1 , is based on the validity of this hypothesis, which can be tested more explicitly by the method of maximum likelihood. Unfortunately, this second method is virtually impossible with trees of 42 (ii) Mixed populations have shorter branches. Shorter branches cannot be appreciated in an average linkage tree, in which all branches are forced to be of equal size, but they could be shown by methods such as two cited in the Introduction (1-4) . By a simple extension of the algebra used for the model of admixture shown in ref. 17 , one can prove (as will be described elsewhere) that admixture between two branches of a tree, producing a third population, which then evolves independently from the two parental ones, has the following consequences: (a) the mixed population has a shorter branch; (b) the mixture attaches in the tree to the branch that has contributed the greater fraction; (c) the attachment takes place in a position that, in an average linkage tree, corresponds to an earlier time than that at which the admixture has taken place.
Bootstrapping, treeness tests, and independent methods of admixture analysis (22) 
Correlations with Archaeology
There has been in the last few years considerable interest in the dating ofthe earliest anatomically modem humans, Homo sapiens sapiens. There seems to have developed some consensus about the validity ofdates ofearly modem humans from the Border Caves and the Klasies River Mouth, both in South Africa, now dated at more than 100 kyr (100,000 years ago), with a date of 125 kyr for Laetoli in Tanzania (23) and 130 kyr for Omo 1 (24) . In the rest of the world, findings are very poorly dated; however, a recent analysis of modern human remains from the Qafzeh cave in Israel suggests the date of 92 ± 5 kyr (25) . This is about twice as old as the very approximate previous results. If the current archaeological data are accepted at face value, the origin of modem humans was in Africa and the expansion to the rest of the world started there. Naturally, considering the paucity of samples and the uncertainties in their dating, one cannot exclude the possibility that new archaeological discoveries may alter this picture.
The timing of the steps in the expansion can be very useful for calibrating the process of genetic differentiation and testing the constancy of evolutionary rates in our tree. Dates used for this aim in Table 1 are as follows. (i) A time >92 kyr for the split between African and non-African has been matched with the genetic differentiation due to the first split of the tree.
(ii) The first entry to Australia took place at least 40 kyr (26) , and the first settlement of New Guinea took place from Australia. We have matched this time with the node connecting Australia plus New Guinea with Southeast Asia (the third split in the tree).
(iii) The disappearance of Neanderthals and the first appearance of modem humans in southwestern Europe occurred 30-35 kyr, and somewhat earlier in Eastern Europe (27) , for which data are less satisfactory. A time of 35 kyr was matched with the separation of Caucasoids from Northeast Asia. (28, 29) . There seems to be more consensus for the second, later date, and in any case this is likely to have had greater demographic weight, given the relative number of sites. There is also uncertainty as to the best match in the genetic tree. Use of the fission between Northeast Asia and the Americas generates a genetic distance that is too large, if the tree has no direct descendants of the Northeast Asians who went to America. The fission between North Amerinds and Central plus South Amerinds generates a distance that is probably too small but that is at least uncomplicated by admixture with later arrivals to North America. Table 1 shows the clusters defining the fissions listed above, the average genetic distances (G) between the clusters defining each fission, and the archaeological separation dates (T). If the evolutionary rates are constant, the GIT ratios should be constant. Leaving aside the Americas, for which there is uncertainty, we see that there is satisfactory agreement between the three values that are more dependable, as shown by standard errors. The older fission used for America seems to accord with the older date, and the younger one with the younger date. At least one can say that the American data are not inconsistent with the conclusions from the other three dates, from which the average GIT of 0.40 ± 0.05 was calculated. This is valid for long time intervals, for which there is the advantage that many distances are averaged and the distorting effects of admixture and drift are decreased and may even partially compensate for each other. For shorter intervals this GIT value should be used with caution.
Correlation with Linguistic Classification
There are approximately 5000 languages spoken today, and in a recent taxonomic effort they have been classified in 17 families or phyla (30) . The phyla of the languages spoken by the populations studied in the genetic tree are listed in Fig. 1 . Of the 17 phyla proposed by Ruhlen (30) , only one, Caucasian, is missing for lack of adequate genetic data, but the limited genetic information available suggests that Caucasians are very similar to neighbors and would not generate anomalies if inserted into the tree. Inspection of Fig. 1 shows that every linguistic phylum corresponds to only one of six major genetic clusters defined by the tree. Exceptions are Mbuti Pygmies, who have lost their original language; Basques, who have kept their original language, which is an isolate (30) ; and Melanesians (starred in Fig. 1 Fig. 1 ) are associated genetically with the Northeast Asian cluster but linguistically with the Sinotibetan phylum, which is spoken in all of China. According to Chinese historians, the Tibetans originated from pastoral nomads of the steppes north of China; this origin explains their genetic association with the Northeast Asian cluster.
The correspondence between linguistic phyla and genetic clusters shows that they have similar origins, but phyla, being contained in the clusters, must have developed later. This suggests a time frame for their origin. Also of great interest are the "superfamilies" of languages recently proposed by some linguists. Greenberg (31) has classified all the many preexisting phyla of American native languages into three, which are incorporated in the Ruhlen classification shown in Fig. 1 : a superphylum including all languages of Central and South America and many of North America, a phylum (Na-Dene) of languages spoken in the Northwest, and the Eskimo-Aleut phylum. It is interesting that the Austric superfamily postulated by Ruhlen (30) Fig. 1) was recently suggested by Shevoroshkin (32) . It is most striking that the union of Eurasiatic and Nostratic, with the Amerind extension, includes all, and only, the languages spoken in our major Northeurasian cluster, with the exception of Na-Dene, the origin of which is less clear. Greenberg (33) (35) to suggest an alternative model, which they call "the theory of multiregional evolution," based on an almost continuous population network (36) First, one must explain the expansion. There are several examples of expansions, some easier to study because they took place in historic time (37) . Archaeologists in the early 20th century postulated migrations in a facile way, often on the basis of inadequate evidence. Today they have reacted with a strongly antimigrationist stance, but they certainly do not deny all expansions; the important point is to find in every case whether there were conditions conducive to expansion and its maintenance (34) . The Neolithic expansions were due to the introduction of new technologies of food production, allowing a substantial increase in the carrying capacity of the land. The introduction of farming in West Asia was the stimulus and the support for the Neolithic expansion to Europe and most probably in other directions (38) . The introduction of farming in the Sahel, in addition to the introduction ofiron technology, stimulated and supported the Bantu expansion to central and southern Africa (39) . Pastoral nomadism, coupled with new social structures and with new techniques of transportation and warfare, mostly using the horse, supported the expansions in which the steppe nomads have been major actors until very recently and for several millennia (40) . A rapid expansion can be viewed as a punctuationist (41) episode in evolution, and such events are likely to occur repeatedly in general and not only in human evolution.
Which stimuli determined, and which technologies helped, expansions of modern humans to the whole Earth? It seems very likely that an important role was played by a biological advantage that may have developed slowly over millions of years and undergone a final step only with the appearance of modem humans: a fully developed language. Isaac (42) has indicated archaeological evidence in favor of this hypothesis. From a speculative point of view, it seems reasonable that more efficient communication can improve foraging and hunting techniques, favor stronger social ties, and facilitate the spread of information useful for migratory movements. It also makes it easier to understand the rapid disappearance of Neanderthals, if they were biologically provided with speech of more modest quality than modem humans. In our society, until 100-150 years ago, deaf-mute people had very little chance of reproducing because of strong adverse social selection (43) . Even if interfertility was potentially complete and there was little or no impingement, Neanderthals must have been at a substantial disadvantage at both the betweenand the within-population level.
